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Is the methanogenic community reflecting the methane 
emissions of river sediments?—comparison of two study sites







































Methanocellales	are	only	 rarely	present	 in	 this	 sediment.	Our	 results	 show	that	 the	
previously	observed	10-	fold	difference	in	methane	emission	of	the	two	sites	could	not	
be	explained	by	molecular	methods	alone.
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In	the	absence	of	other	electron	acceptors	like	nitrate,	iron,	manganese,	
etc.,	 the	 terminal	 step	of	 the	anaerobic	organic	matter	mineralization	
results	in	the	release	of	methane	and	CO2	(Schink,	1997;	Zeikus,	1983).
Methanogens	are	considered	to	be	of	prime	importance	because	
they	 are	 responsible	 for	 the	 final	 step	 of	 mineralization	 of	 organic	
carbon	 to	 methane	 (CH4)	 (Capone	 &	 Kiene,	 1988;	 Delong,	 1992).	
Methane	 is	one	of	 the	most	potent	greenhouse	gases	with	a	global	
warming	potential	25	times	higher	than	carbon	dioxide.	A	significant	















−2	water	day−1)	with	 that	of	 a	high-	emitting	 site	 (Location	 IV:	
32.1	mg	CH4 m
−2	water	day−1)	(Rulik	et	al.,	2013).
Currently,	 there	 are	 seven	 orders	 of	 methanogenic	 archaea	 de-
scribed	 in	 literature	 (Borrel	 et	al.,	 2013,	 2014;	 Lang	 et	al.,	 2015).	
However,	our	previous	study	conducted	on	the	Sitka	stream	(Location	
IV)	 revealed	 only	 three	 major	 methanogenic	 groups	 using	 molecu-
lar	 techniques	 (denaturing	gradient	gel	electrophoresis	and	cloning):	
Methanosarcinales,	 Methanomicrobiales,	 and	 Methanobacteriales	
(Brablcova,	 Buriankova,	 Badurova,	 Chaudhary,	 &	 Rulik,	 2014;	
Buriankova	et	al.,	2013;	Chaudhary	et	al.,	2014).	Hence,	we	focused	
our	attempts	to	verify	these	results	with	molecular	fingerprinting	and	
qPCR	 to	 cover	 these	 three	 groups;	 in	 addition,	we	want	 to	 expand	
our	 knowledge	 by	 comparing	 two	 different	 sites	 and	 two	 sampling	
occasions..
In	 the	Sitka	stream,	previous	studies	showed	that	methanogenic	
archaea	 are	 almost	 ubiquitous	 along	 the	 longitudinal	 profile	 of	 the	
stream	 (Brablcova	 et	al.,	 2014;	 Buriankova	 et	al.,	 2012)	 and	 their	
density	tends	to	be	stable	with	 increasing	sediment	depth	 (Location	
IV)	 (Buriankova	et	al.,	 2012).	However,	quantification	of	 total	meth-
anogens	 was	 made	 using	 fluorescence	 in-	situ	 hybridization	 (FISH)	
(Buriankova	et	al.,	 2012),	which	 is	 suitable	 for	 aqueous	 systems	but	
may	 lack	 precision	 in	 sediment	 samples	 due	 to	 high	 background	
fluorescence.
The	 present	 study	 aimed	 to	 analyze	 the	 vertical	 distribution	 of	
methanogens	in	the	top	50	cm	of	river	Sitka	sediment	cores	from	one	
high	and	one	 lower	methane-	producing	 localities,	and	to	quantify	the	
methanogenic	 communities	 using	 a	 combination	 of	 terminal	 restric-
tion	fragment	length	polymorphism	(T-	RFLP)	and	qPCR.	We	expected	






















(Location	 IV)	was	situated	 in	agricultural	 landscape	 (further	descrip-
tion	of	the	sampling	sites	has	been	provided	earlier	(Hlavacova,	Rulik,	






Mach	et	al.,	 2015).	 Sediment	 sampling	 for	 studying	 the	vertical	dis-
tribution	of	methanogens	was	 performed	 in	 July	 2013.	 Three	 sedi-
ment	cores	(50	cm	deep)	were	taken	randomly	at	each	Location	I	and	
Location	IV,	along	Sitka	stream	flowing	through	Olomouc	province	in	









ers	 (i.e.,	 0–10	cm,	 10–20	cm,	 20–30	cm,	 30–40	cm,	 and	 40–50	cm)	










2.4 | DNA extraction and terminal restriction 
fragment length polymorphism (T- RFLP) analysis
For	genomic	DNA	extraction,	1	g	wet	weight	of	sediment	sample	was	
processed	 using	 the	 PowerSoil	 DNA	 Isolation	 Kit	 (MO-	BIO,	 USA),	
according	 to	 the	 manufacturer’s	 instructions.	 Extracted	 DNA	 was	
checked	for	quality	and	concentration	using	a	Nanodrop	spectropho-
tometer	(Nano-	Drop	Technologies,	Wilmington).	Terminal	restriction	









at	 14,000g	 for	 30	min	 at	 4°C.	 The	DNA	 pellets	were	washed	with	
70%	 ethanol,	 air-	dried,	 and	 resuspended	 in	 20	μl	 of	 purified	water.	
The	fluorescently	labeled	T-	RF	were	size-	separated	on	the	automatic	






Biosystems).	 The	 relative	 abundance	of	 a	 single	T-	RFLP	was	 repre-




the	 T-	RFLP	 length	 of	 clones	 of	 the	 sediment	 samples	 (Mach	 et	al.,	







Methanobacteriales	 (MBT-	set),	 Methanomicrobiales	 (MMB-	set),	 or	


















3.1 | Quantification (qPCR) of archaeal, mcrA gene 


















































50 516 (Springer,	Sachs,	Woese,	 
&	Boone,	1995)







and	 IV	 (Figure	1b).	A	slight	 increase	 in	 the	copy	numbers	at	20	and	
30	cm	depths	can	be	seen	from	the	samples	at	 locality	I	 (Figure	1b),	
followed	 by	 a	 decrease	 at	 40	 and	 50	cm	 of	 depth.	 However,	 for	
Location	IV,	mcrA	gene	numbers	were	slightly	greater	at	50	cm	depth	
as	compared	to	40	cm	depth.
The	 highest	 copy	 numbers	 for	 the	 analyzed	methanogenic	 or-
ders	 belonged	 to	 the	 order	Methanomicrobiales	 (Figure	1c).	 Here,	
from	 3.6*106	 to	 5.8*107	 copies/g	 dry	 weight	 could	 be	 reported.	
While	 the	 average	 copy	 numbers	 slightly	 decreased	with	 depth	 in	
Location	I;	they	slightly	increased	in	Location	IV.	Gene	copy	numbers	
of	methanogens	belonging	to	the	order	Methanosarcinales	were	in	a	
similar	range	covering	from	3.6*106	to	2.7*107 copies/g dry weight 
(Figure	1d).	 In	Location	 I,	 again	a	 slight	decrease	with	depth	could	
be	observed,	while	in	Location	IV,	a	maximum	at	20–30	cm	was	ob-
served.	 Methanogens	 belonging	 to	 the	 order	 Methanobacteriales	
were	 found	 with	 roughly	 two	 orders	 of	 magnitude	 lower	 copy	
numbers	 ranging	 from	 1.4*104	 to	 3.6*105 copies/g dry weight 
(Figure	1e).	Again,	a	decrease	was	observed	over	the	different	depth	
















? ?? ?? ?? ?? ?? ??
????
????????????????????????????????????????????????? ? ?? ?? ?? ?? ?? ??
??????????????????
??????????????????????????????????? ? ?? ?? ?? ?? ?? ??







     |  5 of 9CHAUDHARY et Al.
3.2 | Terminal restriction length polymorphism of 
mcrA genes



















The	 relative	 abundance	 of	 the	 third	 methanogenic	 order	
Methanomicrobiales	ranged	from	5%	to	23%	and	did	not	show	a	clear	








the	 temporal	 changes	of	 the	methanogenic	 community	 at	 the	high	







reported	 for	 the	 top	 layer	 of	 the	 samples	 taken	 in	 July	 2013	 (TRF	




for	 terminal	 anaerobic	 organic	 matter	 mineralization	 in	 the	 river	





























































































































































6 of 9  |     CHAUDHARY et Al.
4.1 | Contribution of methanogenic archaea to total 







While	 the	 archaeal	 abundance	 has	 been	 reported	 to	 either	 de-





4.2 | Methanogenic community in river sediments 
analyzed by different molecular techniques
The	methanogenic	community	based	on	T-	RFLP	of	mcrA	has	 so	 far	
primarily	been	described	for	rice	field	soils	(Chin,	Lueders,	Friedrich,	
Klose,	 &	 Conrad,	 2004;	 Conrad,	 Klose,	 Noll,	 Kemnitz,	 &	 Bodelier,	
2008;	 Kemnitz,	 Chin,	 Bodelier,	 &	 Conrad,	 2004;	 Lueders,	 Chin,	
Conrad,	&	Friedrich,	2001;	Ramakrishnan,	Lueders,	Dunfield,	Conrad,	
&	Friedrich,	2001).	While	our	previous	studies	of	river	Sitka	sediments	
using	T-	RFLP	 (Mach	et	al.,	 2015)	 already	 show	 that	 the	 community	
pattern	changes	over	the	depth	profile,	we	wanted	to	confirm	these	
results	for	two	locations	and	further	support	them	using	order	specific	
qPCR.	However,	 the	 results	 can	 not	 directly	 be	 compared	 since	 T-	
RFLP	is	based	on	the	highly	degenerated	mcrA	primers	and	only	gives	
relative	abundances,	while	the	order	specific	primers	for	qPCR	gives	

















and	 Methanobacteriales	 (Brablcova	 et	al.,	 2014;	 Buriankova	 et	al.,	
2013;	 Chaudhary	 et	al.,	 2014).	 A	 community	 profiling	 using	 dena-
turing	 gradient	 gel	 electrophoresis	 DGGE	 presented	 by	 Brablcova	
et	al.,	 (2014)	 showed	 nine	 bands	 for	 Methanosarcinales,	 one	 band	
for	 Methanomicrobiales,	 and	 one	 band	 for	 Methanocellaceae.	 It	 is	
interesting	 to	 note	 the	 one	 clone	 obtained	 for	 Methanocellaceae	
(Brablcova	 et	al.,	 2014)	 originates	 from	Location	 I,	 and	only	 for	 this	
location,	 we	 could	 assign	 one	 TRF	 (238	bp)	 to	 Methanocellaceae	
for	 the	 40–50	cm	 depth	 confirming	 the	 presence	 of	 this	 micro-
bial	 order	 in	 the	 sediments	 of	 Location	 I.	 A	 microscopic	 study	
using	 FISH	 of	 Methanosarcinaceae,	 Methanosaetaceae	 as	 well	 as	
Methanobacteriaceae,	not	only	revealed	the	presence	of	these	three	
groups	with	 each	 contributing	 roughly	 10%	 to	 the	 total	 cell	 counts	




inance	 of	Methanosarcinales	 (47%–56%	 of	 the	 clones),	 the	 second	
equally	important	group	was	Methanomicrobiales	covering	40%–42%	
of	the	clones;	a	less	frequently	found	order	was	Methanobacteriales	
with	 4%–10%	of	 the	 clones.	Together	 these	 data	 demonstrate	 that	
Methanosarcinales	 are	 the	 dominant	 order	 in	 the	 Sitka	 River	 sedi-





members	 using	 various	 archaea/methanogen-	specific	 primers,	 e.g.,	
from	river	freshwater	and	estuarine	sediment	(Brablcova	et	al.,	2014;	
Buriankova	 et	al.,	 2013;	Munson,	 Nedwell,	 &	 Embley,	 1997;	 Purdy,	
Munson,	Nedwell,	 &	 Embley,	 2002),	 as	well	 as	 from	 peat	 bog	 sites	
(Galand,	Fritze,	Conrad,	&	Yrjala,	2005),	freshwater	lake	sediments	(Falz	
et	al.,	1999;	Koizumi,	Takii,	&	Fukui,	2004),	Florida	Everglades	wetland	
soils	 (Castro,	 Ogram,	 &	 Reddy,	 2004),	 hydrocarbon-	contaminated	
aquifer	 (Kleikemper	 et	al.,	 2005),	 and	 deep-	sea	 hydrothermal	 sedi-
ments	(Dhillon	et	al.,	2005).
In	 general,	 our	 results	 are	 in	 good	 agreement	 with	 reported	
methanogenic	community	profiles	of	other	 freshwater	habitats	 (e.g.,	
lakes)	which	usually	are	also	dominated	by	Methanomicrobiales	and	
Methanosarcinales	 (Banning	 et	al.,	 2005;	 Barreto,	 Conrad,	 Klose,	
Claus,	&	Enrich-	Prast,	2014;	Castro,	Newman,	Reddy,	&	Ogram,	2005;	
Conrad	et	al.,	2014).	In	contrast,	the	T-	RFLP	profiles	of	rice	field	soil	
are	more	diverse	 and	 contain	 additional	methanogenic	 orders	 (Chin	
et	al.,	2004;	Conrad	et	al.,	2008;	Kemnitz	et	al.,	2004;	Lueders	et	al.,	
2001;	Ramakrishnan	et	al.,	2001).
4.3 | Comparison of the vertical distribution and 
composition of the methanogenic community
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numbers	 (as	well	 as	 the	 group	 specific	 copy	numbers)	 are	 relatively	






The	detailed	methanogenic	 community	profile	 (Figure	S2)	 is	 dif-















evidence	 that	 Location	 IV	 is	 a	 10	 times	 stronger	methane-	emitting	
site	(Rulik	et	al.,	2013).	This	suggest	that	the	methanogenic	potential	
is	not	only	limited	by	the	presence	of	the	different	methanogens	but	
also	more	 likely	 regulated	 by	 environmental	 factors	 (e.g.,	 substrate	







Location	 IV	 on	 the	 composition	 and	 diversity	 of	 the	methanogenic	
archaea	within	the	hyporheic	sediments	of	the	Sitka	stream	and	con-
trasted	 these	 results	 to	 a	 lower	methane-	emitting	 site	 (Location	 I).	
Generally,	this	study	confirms	that	methanogens	are	ubiquitous	mem-
bers	 of	 the	microbial	 community	within	 river	 hyporheic	 sediments.	
The	richness	of	the	methanogenic	community	is	less	diverse	in	river	
sediments	compared	to	those	from	wetlands	or	rice	paddies.












are	 the	 two	dominant	methanogenic	 orders	 in	 river	 sediments,	while	
members	 of	Methanobacteriales	 contribute	 a	 smaller	 community	 and	
Methanocellales	are	only	rarely	present	in	this	sediment.
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